Abstract-The present study involves phylogenetic analysis of distinguished bacterial population essentially grouped into functional attributes, namely nitrogen fixation and quorum sensing. The basis of this analysis are protein sequences of NifH (nitrogenase reductase), LuxA (Luciferase alpha subunit) and LuxS (Sribosyl homocysteine lyase) from 30, 17, 25 species of bacteria respectively. These bacteria show vast diversity in terms of habitat mode of survival pathogenicity. Phylogenetic analysis gives an insight into the evolution and interrelationships of these microbial species. GeneBee, ClustalW and Phylip softwares were found to be satisfactory for the chosen work. Phylogenetic trees were constructed in the form of Cladograms, Phylograms and Unrooted radial trees. According to the results obtained, the most highly evolved group of organisms with respect to their nitrogenase reductase protein is that of Desulfovibrio vulgaris and Chlorobium phaeobacteriodes. Bacillus thuringiensis and Bacillus subtilis hold the most highly evolved forms of LuxS protein. Also knowledge abtained from the motif pattern analysis between Bradyrhizobium japonicum and Rhizobium leguminosarum NifH protein sequence are conserved and further analysis may show that there may be quorum sensing mediated gene regulation in host bacterium interaction. Phylogenetic analyses, thus, on the basis of highly conserved protein domains, universal in their existence, can provide a preamble to the actual 16S-rRNA based phylogeny or genomic analyses of phylogeny carried out in the wet lab.
INTRODUCTION

Nitrogen Fixation
Nitrogen makes up about 14% of the total dry weight of a bacterial cell, majorly concentrated in the proteins and nucleic acids of the cell. Some important groups of bacteria possess the ability to utilize gaseous nitrogen from the atmosphere. The atmosphere constitutes about 78.9% of nitrogen gas, which is significantly higher than other gases. Therefore, the nitrogen cycle is one of the most important biogeochemical cycles, maintaining the atmospheric balance of the universe [18] . The process of converting nitrogen in its gaseous form into ammonia is termed as nitrogen fixation, and is catalyzed by an enzyme called Nitrogenase (E.C 1.18.6.1). The unique property of this enzyme is its occurrence in aerobes, despite its inability to tolerate oxygen. Biological nitrogen fixation can be represented by the following equation, in which two moles of ammonia are produced from one mole of nitrogen gas, at the expense of 16 moles of ATP and a supply of electrons and protons: N2 + 8H+ + 8e-+ 16 ATP = 2NH3 + H2 + 16ADP+16 Pi A variety of prokaryotes perform this reaction with the help of the nitrogenase enzyme complex. Nitrogenase is a two-component metallonzyme that catalyzes the Mg ATP-dependent reduction of N2 to yield two molecules of NH3. This enzyme consists of two proteins -an iron protein (Nitrogenase reductase) and a molybdenum-iron protein (Nitrogenase). The conventional nitrogenase is composed of a α2β2 tetramer; α and β subunits are encoded by the nifD and nifK genes, respectively. While the nitrogenase reductase enzyme is encoded by the nifH gene [1, 2] . It is observed that nitrogenase is found in diverse structural patterns, perhaps due to the interaction between the environment and the lifeforms with respect to nitrogen exchange [5, 10, 12] . This in-silico study aims at understanding the phylogeny of nifH protein (Nitrogenase reductase), out of the whole enzyme complex. The basis of work is to focus on the most conserved domain, nifH, in diverse forms of prokaryotes. [8, 15] It is observed in certain cyanobacteria, that exposure to oxygen causes significant structural alterations in the nifH domain of the enzyme, indicating its pivotal role in insulating the other oxygen-sensitive domains of the enzyme [6, 7, 19] . Nitrogenase reductase is a functionally constant protein catalyzing N2 reduction, which is found in many phylogenetic lineages of Archaea, Proteobacteria, Cyanobacteria, Actinobacteria and Diazotrophs. Phylogenetic analysis of NifH protein may provide insights into the evolution of the bacteria. The selected genera of prokaryotes include nitrogen fixers either free-living or symbiotic. The habitat varies with respect to oxygen demand; they may be obligate aerobes, obligate anaerobes or facultative organism's .Use of Bioinformatics in understanding the similarities and differences between the chosen genera and establishing a possible evolutionary link between them, with respect to Nitrogenase reductase, is the scope of this study. Genomic analysis of nitrogen fixers has been extensively carried out [3, 4, 16] . Focus of most of the investigators has been to construct Phylogenetic tree(s) on the basis of 16S-rRNA and nif gene operon system. Microorganisms never functions as single cells. Bacterial populations coordinate their gene expression by producing and responding to a variety of intra-and intercellular signals termed "autoinducers" or AI molecules.
Quorum Sensing
This process of coordinating gene expression via the production, release, and sensing of AI molecules by bacteria is known as Quorum Sensing. When a critical threshold concentration of the signal molecule is achieved, bacteria detect its presence and initiate a signaling cascade resulting in changes of target gene expression [21, 22, 25] . Quorum sensing allows populations of bacteria to collectively control gene expression, and thus synchronize group behavior on the basis of local cell density. The phenomenon of quorum sensing is widespread. It is used by Gram-negative and Gram-positive bacteria, both, to regulate a variety of physiological functions [24, 29] that include symbiosis, virulence, competence, conjugation, antibiotic production, motility, sporulation and biofilm formation. The first such system was described in Vibrio fischeri a symbiotic species that provides its marine eukaryotic hosts with light. Light emission, or bioluminescence, depends on transcription of the lux operon that consists of structural genes luxCDABEG, regulated by luxR, luxI and luxS genes. In general, Gram-negative bacteria use acylated homoserine lactones-AHLs-as autoinducers, and Gram-positive bacteria use processed oligopeptides to communicate. Many species of Gram-negative and Gram-positive bacteria produce AI-2 and, in every case, production of AI-2 is dependent on the function encoded by the luxS gene [28] . The scope of this in-silico study is to phylogenetically analyse 2 individual groups of selected prokaryotes, on the basis of their LuxA and LuxS proteins, separately, so as to determine the interrelationships amongst those diverse groups of bacteria and to provide an insight into their evolution with the help of bioinformatics. Total 17 species of bacteria were chosen for phylogenetic analysis of LuxA protein, that codes for the alpha-subunit of luciferase enzyme responsible for control of bioluminescence in these organisms. Most of these were found to be marine, bioluminescent, Gram-negative bacteria, with a few exceptions ranging from endophytes of sugarcane to noduleforming soil bacteria that differ drastically from the rest in terms of habitat and mode of survival. For the phylogenetic analysis of LuxS protein, 25 species of bacteria were selected, showing highly varied characteristics in terms of habitat, modes of survival etc., most of which are well-known pathogens of humans and animals. The presence of LuxS in these organisms indicates the role of quorum sensing in the development of numerous diseases caused by these pathogens. This insilico study aims firstly at understanding the phylogeny of NifH protein (Nitrogenase reductase), out of the whole enzyme complex. The basis of work is to focus on the most conserved domain, NifH. Secondly, it emphasizes on understanding the individual contribution of LuxA and LuxS in the evolution of quorum sensing mechanism in the chosen species of bacteria. While LuxA codes for the alpha subunit of luciferase enzyme of most of the bioluminescent bacteria, its role in non-luminiscent bacteria is yet to be fathomed. S-Ribosylhomocysteinase (LuxS) is an Fe(2+)-dependent metalloenzyme that catalyzes the cleavage of the thioether bond in Sribosylhomocysteine (SRH) to produce homocysteine and DPD, the precursor of AI-2 molecule [23] . Presumably, quorum sensing bestows upon bacteria some of the qualities of higher organisms. The evolution of quorum sensing systems in bacteria could, therefore, have been one of the early steps in the development of multicellularity [26, 27, 29] .
METHODS
Sequence Retrieval:
Protein (nitrogenase reductase, luciferase alpha-subunit, Sribosylhomocysteine lyase) sequences (full length) belonging to different genera were retrieved from NCBI and UniProt Protein Databases. Processing of data: Sequences in the GenPept format were converted to the FASTA format and compiled together in a single text file. ClustalW: Used to obtain Multiple Sequence Alignment with the help of default parameters. Seqboot: Seqboot is a general bootstrapping and data set translation tool of PHYLIP. Proml: This module of PHYLIP makes use of the Maximum likelihood method for the construction of phylogenetic tree. This module was chosen over the Maximum Parsimony and Distance methods as it is more efficient and reliable, despite taking greater time to process the data. The method uses probability calculations to generate a tree that best accounts for variation in a set of sequences. Input file: The outfile from seqboot Parameters given to the module were: i) Dataset number = 100 ii) Random seed number = 1 iii) Jumble number = 1 (This was done to minimize the processing time.) Output files: Two files were generated. --outfile and outtree. Consense: Consense module of PHYLIP reads a file of computer-readable trees and prints out a consensus tree. The tree printed out has at each fork a number indicating how many times the group which consists of the species to the right of (descended from) the fork occurred. Input file: The outtree from Proml. Output file: It is the final outtree displaying bootstrap values at every node. TreeView,
FigTree:
To view the final outtree obtained from Consense.
RESULTS AND DISCUSSION Phylogeny of Nitrogen-Fixing Bacteria on the basis of NifH protein
Nitrogenase reductase is a functionally constant protein catalyzing N2 reduction, which is found in many phylogenetic lineages of Archaeabacteria, Proteobacteria, Cyanobacteria, Actinobacteria and Diazotrophs. A phylogenetic analysis of nifH genes may provide insights into the evolution of the bacterial genomes. However, due to wobblebase degeneracies, the third base in the codons of a protein-coding gene is of little value in the analysis of distantly related proteins. Translation of DNA into 21 different types of codon (20 amino acids and a terminator) allows the information to sharpen up considerably. Wrong frame information is set aside. As a result of the translation procedure the protein sequences with their 20 amino acids are much easier to align than the corresponding DNA sequences with only 4 nucleotides. The signal to noise ratio is greatly improved when using protein sequences over DNA sequences. Fig.2 (a) denotes dark and light columns indicating conserved and less conserved regions of the chosen sequences, respectively. This is an output of ClustalW software used for discriminating nitrogenase reductase protein sequences. This forms the baseline data for generation of Phylogenetic trees. Alignment quality may have much impact on phylogenetic reconstruction. Not only the alignment algorithm, but also the method used to deal with the most problematic alignment regions, or gaps, may have a critical effect on the final tree. Although some authors remove such problematic regions, either manually or using automatic methods, in order to improve phylogenetic performance, others prefer to keep such regions to avoid losing any information. [13, 14] .The present study adopts the latter strategy. A figure 3, 4 shows the same Phylogenetic tree in different tree-viewing formats. The numerical value at each node indicates the bootstrap value supporting every split in the lineage. Fig.3 is an unrooted phylogenetic tree in the Radial format, an output of Proml module of PHYLIP that can be viewed and analyzed in Treeview or FigTree Software.
Unrooted trees illustrate the relatedness of the leaf nodes without making assumptions about common ancestry. The coloured clusters indicate the evolutionary links amongst the microorganisms chosen for the present study. Rectangular Cladogram, an output of Proml. This type of tree only represents a branching pattern, i.e., its branch lengths do not represent time. Fig.4 
and Methanococcus maripaludis together form a cluster of methanogenic archae that closely follows the one above, which indicates that despite being the most primitive forms of organisms, the archae bacteria still may possess nitrogenase reductase protein that is capable of undergoing constant changes during evolution. This could be due to their vast tenacity to sustain extreme environmental pressure, helping them to adapt faster. This group is monophyletic with another cluster formed by Methanosarcina acetivorans and Clostridium kluyveri, both strict anaerobes. The tree shows that the other species of the Clostridium genus i.e., Clostridium pasteurianum is phylogenetically closest to Desulfotomaculum reducens and Acidithiobacillus ferrooxidans.
Phylogeny of Quorum Sensing Bacteria on the basis of Lux proteins
The evolutionary patterns of quorum sensing bacteria belonging to various genera were obtained in the form of Phylograms, Cladograms and unrooted radial trees. The baseline data for tree construction was obtained through ClustalW software, the output of which is depicted in Fig:  2(b) . Multiple Sequence Alignment not just allows the identification of conserved domains in a protein sequence, but also distinguishes amino acid residues at given sequence positions in terms of their physico-chemical properties Fig 6 shows a phylogram [5, 9] . Phylogenetic analyses, thus, on the basis of highly conserved protein domains, universal in their existence, can provide a preamble to the actual 16S-rRNA based phylogeny or genomic analyses of phylogeny carried out in the wet lab. Therefore, the use of ClustalW and PHYLIP was satisfactory for the chosen work. More intrusive softwares accommodating more than one protein sequences in the same exercise can revolutionize phylogenetic classification. Work by several laboratories has shown that an additional mode of regulation quorum sensing, intercedes in signal exchange process and perhaps plays major role in preparing and coordinating the N2 fixing rhizobium during the establishment of symbiosis. R. leguminosarum carries multitiered quorum sensing system that represents one of the most complex regulatory networks identified for this form of gene regulation [11] . Presumably, quorum sensing bestows upon bacteria some of the qualities of higher organisms. The evolution of quorum sensing systems in bacteria could, therefore, have been one of the early steps in the development of multicellularity [26] . 
